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What is claimed is: 

1. A method of reducing a bacterial endotoxin contaminant in an aqueous 
composition containing a biologically useful macromolecule comprising the steps 
of: 

(a) admixing an endotoxin-contaminated biologically useful macromolecule with a 
dialyzable surfactant in an aqueous medium to form an aqueous admixture, said 
surfactant exhibiting no net electric charge at the pH value of said aqueous 
admixture and being present in said admixture at a concentration greater than 
said surfactant's critical micelle concentration; 

(b) contacting said aqueous admixture with a water-insoluble solid phase 
endotoxin sorbant comprising a solid phase matrix linked to an endotoxin sorbing 
agent to form a solid-liquid phase admixture; 

(c) maintaining said contact for a time period sufficient for said endotoxin to 
bind to said sorbant and form a second solid-liquid phase admixture whose liquid 
phase contains water, said macromolecule and a reduced weight ratio of endotoxin 
to macromolecule as compared to the weight ratio present in said aqueous 
admixture ; 

(d) separating the solid and liquid phases of said second solid-liquid phase 
admixture ; 

(e) dialyzing said surfactant from said liquid phase at a time no earlier than 
step (c) to provide a liquid phase that contains said macromolecule and is 
substantially free of surfactant; and 

(f) thereafter recovering the liquid phase that is substantially free from 
surfactant. 

2 . The method according to claim 1 wherein said dialysis step is carried out 
after step (d) . 

3. The method according to claim 2 wherein said contacting, maintaining and 

(d) are carried out in a column. 
1 wherein said dialysis step is carried out 



separating of steps (b) , (c) and 

4. The method according to claim 
during said maintenance step (c) . 

5. The method according to claim 
polymixin B. 

6. The method according to claim 



1 wherein said endotoxin sorbing agent is 
1 wherein said water-insoluble matrix is 
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particulate. . 4_ • i 

7 The method according to claim 1 wherein said surfactant has a critical 
micelle concentration of at least about 0.2 weight percent or at least about 5 

millimolar. . t i_ j x: *-v, 

8 The method according to claim 1 wherein said surfactant is selected from the 
group consisting of 3 - [ (3 -cholamidopropyl) -dimethylammonio] -1-propanesulf onate , 
3- [ (3-cholamidopropyl)dimethylamminio] -2 -hydroxy- 1-propanesulf onate ; 
N-octyl-N,N-dimethyl-3-ammonio-l-propanesulfonate, 

N-decyl-N,N-dimethyl-3-ammonio-l-propanesulf onate, octyl-beta-D-glucopyranoside, 
octyl -beta-D- thioglucopyranoside , octanoyl -N-methylglucamide , 
nonoyl-N-methylglucamide and decanoyl -N-methylglucamide . 

9 The method according to claim 1 wherein said surfactant is nonionic. 

10. The method according to claim 9 wherein said surfactant is selected from the 

group consisting of octyl-beta-D-glucopyranoside , 

octyl -beta-D- thioglucopyranoside , octanoyl -N-methylglucamide , 

nonoyl-N-methylglucaimide and decanoyl -N-methylglucamide . 

11 A method of reducing a bacterial endotoxin contaminant in an aqueous 

composition containing a biologically useful macromolecule comprising the steps 

admixing an endotoxin-contaminated biologically useful macromolecule with a 
surfactant in an aqueous medium to form an aqueous admixture, said surfactant 
exhibiting no net electric charge at the pH value of said admixture and being 
present in said admixture at a concentration greater than said surfactant's 
critical micelle concentration; 

(b) contacting said aqueous admixture with a water-insoluble solid phase 
endotoxin sorbant comprising a solid phase matrix linked to an endotoxin sorbing 
agent to form a solid-liquid phase admixture; 

(c) maintaining said contact for a time period sufficient for said endotoxin to 
bind to said sorbant and form a second solid- liquid phase admixture whose liquid 
phase contains water, said surfactant, said macromolecule and a reduced weight 
ratio of endotoxin to macromolecule as compared to the weight ratio present m 
said aqueous admixture; 

(d) separating the solid and liquid phases of said second solid-liquid 
admixture ; 

(e) dialyzing the surfactant out of said separated liquid phase to provide a 
liquid phase that is substantially free of surfactant; and 

(f) recovering said substantially surfactant-free liquid phase. 

12. The method according to claim 11 wherein said solid phase sorbant is 
particulate. • n ^ 

13. The method of claim 12 wherein said contact is substantially continual ana 
is maintained by agitation of said particulate sorbant. 

14. The method according to claim 11 wherein said surfactant has a critical 
micelle concentration of at least about 0.2 weight percent or at least about 5 
millimolar. 

15. The method according to claim 11 wherein said surfactant is nonionic. 

16. The method according to claim 15 wherein said surfactant is selected from 
the group consisting of octyl -beta-D-glucopyranoside , 

octyl-beta-D- thioglucopyranoside, octanoyl -N-methylglucamide , 
nonoyl-N-methylglucaimide and decanoyl -N-methylglucamide . 

17. The method according to claim 11 wherein said macromolecule is present in 
said aqueous admixture at a concentration of about 2 00 micrograms per milliliter 
to about 100 milligrams per milliliter. 

18. The method according to claim 11 wherein said aqueous medium has an ionic 
strength less than about 2 molar. 

19. A method of reducing a bacterial endotoxin contaminant in an aqueous 
composition containing a biologically useful macromolecule comprising the steps 
of : 

(a) admixing an endotoxin-contaminated biologically useful macromolecule with a 
surfactant in an aqueous medium to form an aqueous admixture, said surfactant 
exhibiting no net electric charge at the pH value of said admixture and being 
present in said admixture at a concentration greater than said surfactant's 
critical micelle concentration; 

(b) contacting said aqueous admixture with a water-insoluble solid phase 
endotoxin sorbant comprising a solid phase matrix linked to an endotoxin sorbing 
agent to form a solid-liquid phase admixture; 
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(c) maintaining said contact while dialyzing said solid-liquid phase admixture 
for a time period sufficient for said endotoxin to bind to said sorbant and form 
a second solid-liquid phase admixture whose liquid phase contains water, said 
ma^romoL^uli a ?educed weight ratio of endotoxin to -"^f -^^^^^i^^^-J^J^^e 
to the weight ratio present in said aqueous admixture, and is substantially tree 

of said surfactant; t • j t • 

(d) separating the solid and liquid phases of said second solid-liquid 

admixture ; and 

(e) recovering said separated liquid phase. ^ w ^ 
20. The method according to claim 19 wherein said solid phase sorbant is 

ar^ihe^method of claim 19 wherein said contact is substantially continual and 
is maintained by agitation of said particulate sorbant. . ^ . 

22. xie method Lcording to claim 19 wherein said surfactant has a critical 

micelle concentration of at least about 0.2 weight percent or at least about 5 

23^^iSf method according to claim 19 wherein said surfactant is 

24 The method according to claim 19 wherein said surfactant is selected from 
the group consisting of octyl-beta-D-glucopyranoside, 
octyl-beta-D-thioglucopyranoside, octanoyl-N-methylglucamide, 
nonoyl-N-methylglucaimide and decanoyl-N-methylglucamide . 

25 ¥he method Iccording to claim 19 wherein said macromolecule is present in 
said aqueous admixture at a concentration of about 2 00 micrograms per milliliter 
to about 100 milligrams per milliliter. -^^i^ 

26. The method according to claim 19 wherein said aqueous medium has an ionic 
strength less than about 2 molar. ^ ^ ■ nn^^r- i « 

27. The method according to claim 19 wherein said sorbant is monolithic is 
comprised of a dialysis membrane having said endotoxin sorbmg agent linked to 
the surface contacted by said liquid phase, and said contact is provided by flow 
of the liquid phase across said sorbing agent-containing surface. 
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LJhod for reducing bacterial endotoxin contamination m solutions of 

macromolecules 

Duff'et al., Clinical Research, 30, 565A (1982) report aii affinity 
chromatography endotoxin removal method using PMB. Briefly, polymyxin B (PMB) 
Sn?ed to activ ated Sepharose 4B was admixed with endotoxin dissolved in 
pyrogen-free water or saline, and the resulting admixture was agitated^u^^^^ 
^rnii 1 -ibT-inm was reached. At least ninety percent of tne endoco^^n ^^as ^^po^ceax^ 
re^iined on ttl PMB-coupled resin. The Suff et al . method separates solutions of 
pyrogen free water or saline from added LPS. The method was used with 

solutions of macromolecules and LPS. Further, the authors do not state that the 
procedure is suitable for removing endotoxin from solutions of macromolecules. 

?ssekutz, J. immunological Methods, 61:275-281 (l^^^) , reports a ^i-il^-^-^^J^f 
using PMB linked to Sepharose 4B as an affinity sorbant for LPS Issekutz also 
uJis the sorbant to separate LPS from solutions of small molecules such as salt 
or serum-free tissue culture medium and additionally shows a single example m 
Shich endotoxin is separated from tissue culture -^^i-VS^^J^^ 10% serum^ 
issekutz states that the presence of serum did not alter the effectiveness of 
endotoxin removal . 

BSPR * 

As described hereinafter, solutions that contained the enzyme catalase 
contaminated with endotoxin were treated by ^"i^^^y <:hromatography with 
PMB-linked sepharose 4B following the Issekutz procedure . The 

catalase-containing solution contained ^PP^°^^'"^tely one-half of the protein of 
the original solution and about 7 to 12 percent of the original «"^°toxin^ The 
remaining approximately ten percent of the endotoxin was ^1°^^^^^^^°^^^^^'^ ""^^ 
the enzyme and remained associated with the enzyme through subsequent 
pSe-SepSrose 4B treatments. It is therefore believed that the l^^J^^-^J^t 
endotoxin removal from a protein-containing solution is due to endotoxin that is 
complexed with the protein in the serum. 

The^patent broadly discloses "unmasking" the endotoxins by treatment with salt, 
detergents, or organic chemical solutions, such as 2% Tween-80, 2% dextran 
sulfate, 3% sodium chloride, or 2% ammonium thiocyanate, and preferably 
benzamidine. The sole actual example of the Firca et al . P^^«^^ ,?^J^;^^^i°3°°'" 
solutions of benzamidine or its biologically compatible acid addition salts. 
Those solutions are admixed with the body fluid and separated from the body 
fluJd by affinity chromatography. "Unmasked" endotoxins adhere to the column and 
are eluLd with Strong detergent or salt solutions, such as 2% sodium dodecyl 
sulfate (SDS), 3% sodium deoxycholate, or 2M MgCl . Eluted endotoxins are 
precipitated with alcohol and detected by known methods. 

DRPR ' • >j 

The term "free from net electric charge" and its equivalent phrases is used 
herein to mean that the surfactant is electrically neutral at the stated pH 
value. Thus, the surfactant can be nonionic, as is preferred, or can be 
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quaternary amine-containing surfactant. 

intervals during the 48 hours. 

about 0.5 weight percent of the originally present amount. 

^^^^^^^^,0 of qnq are reported to remove LPS from polymixin B affixed to a solid 

mde^ cSlJJon. otherwise fS^d useful herein, and ".gP^J^if ?o 

the SDS c»c value is -arer to the 0^015 -'-^f ^-.f %L'c»ditiina'° 

the 0.23 weight percent value also sno,vn in -i.du 
usually used herein. 

R q^S^arose 4B (PB Seph4B) is capable of adsorbing about 12 mg of endotoxin 
wh?ch is far L excess of the amount of endotoxin present in all but the most 
Sitaminat^d iacromolecule solutions. Further, l^^^Zf^^l^^^^^^^^^ 
w-;^>. for- *=»xamr)le stronq detergents such as a 1 percent SDS solution or a i ^ 
;irc;nt sodS^d^ixycholate to Restore the ability to bind endotoxin. Thus the 
sorbant can be reused. 

Af is discussed hereinafter, use of polymyxin B linked Seph^^°^^^B as 
dLcussed above without a surfactant, during dialysis failed to adequately 
reduce the endotoxin concentration in LPS -contaminated protein solutions^This 
resu5? which utilized techniques similar to those described by others and 
dIscisUd hereinbefore, and the results with dialysis suggest that binding of 

n^Sein solutions address the problem of inaccessibility of macromolecule-bound 
endotoxin to removal by affinity sorbant chromatography methods, regardless of 
the solid phase sorbant employed. 

?onowing endotoxin reduction in accordance with this invention, the solid phase 
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PMB-Sepharose 4B sorbant was treated with a 1 percent SDS f^l^^xon to remove 
bound LPS The counts that were removed from a macromolecule-LPS admixture were 
e?u?ed {97.rpercent) from the sorbant, demonstrating that the balance of the 
LPS was bound to the sorbant. Results from additional studies showed that the 
^o?id nhase PMB-Sepharose 4B sorbant that had been freed of bound endotoxin by 
the Spf^rLtment could be successfully reused for additional endotoxin removal . 



?he chromatography approach used a higher ratio of PB-Seph 4B to catalase than 
the dialysis method. When the ratio was reduced by decreasing the amount of 
sorbant Placed in the column, the amount of LAL reactivity removed decreased 
leloTl Volume of S. 4 ml of Sorbant; i . e . , 0 . 2 ml in the same diameter column 
decreaserSe reactivity by only 100-fold. It is thought that the observed 

H^^'^'^f in endSoxin removll Ls due to a relatively shorter contacting time 
between the sorbant and aqueous admixture. 



The sorbant -containing solid phase was then admixed with a 1 percent |DJ 
solution to form a second solid-liquid phase admixture that was maintained 
(ScubaJed) at room temperature overnight. Following separation of the liquid 
and solid phases by centrifugation, the liquid phase was again assayed for 
beta-counts. Elation of the counts from the sorbant by SDS treatment 
demonstrated that the balance of the LPS had been bound to the polymyxin 
B-Sepharose matrix. 
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